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ABSTRACT
A study was made on the influence of the relevancy
of interpolated learning on retention with normals, auditory
hallucinatory schizophrenics, and nonhallucinatory schizo
phrenics.

Particular interest was directed toward the ef

fect of this factor as related to the type of imagery used
in learning.

Each individual was subjected to all of the

following learning conditions:
1.

Auditory initial learning, visual interpolated
learning, auditory relearning;

2.

auditory initial learning, auditory interpolated
learning, auditory relearning;

3.

visual initial learning, visual interpolated
learning, visual relearning;

4.

visual initial learning, auditory interpolated
learning, visual relearning.
Specific hypotheses were tested and the following con

elusions reached:
1.

With normal subjects relevant interpolated learning
exerted significantly greater retroactive inhibitory
effects than nonrelevant interpolated learning;

2.

nonhallucinatory schizophrenics showed minimal retro
active inhibition under all conditions;

vi
3.

hallucinatory schizophrenics showed maximal retro
active inhibition under all conditions;

4.

auditory hallucinatory patients partially translate
visual stimuli into auditory imagery.
Implications for the selection of candidates for

psychotherapy were discussed.

CHAPTER I

INTRODUCTION
The aajor problem ia this study is to determine
whether schisophrenic patients with a recent history of
auditory hallucinations tend to utilise auditory imagery
in learning to a greater extent than nonhallucinatory
schisophreaics and noraals.

The implication is that the

sense modality in which the hallucinations occur assumes
major importance in interpreting the environment.

This

would increase the patient's distortion through the inter
action of percepts and hallucinations*
Previous studies (39 4) of the relationship between
imagery and hallucinations with sehisophrenics have used
defined stimuli* but relied on the subject's introspective
report for the essential data*

Such a technique makes the

questionable assumption that the patient can view his own
thinking objectively.

Since schisophrenic patients have

difficulty in formulating the boundaries between themselves
and the environment* and since hallucinations are a means of
avoiding "looking in one's self" the use of introspection
seems to be of dubious value.

The equivocal results obtain

ed by this method suggest the need for a different approach.
A study of the differences in learning and retention
between hallucinatory sehisophrenics on the one hand* and
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nonhallucinatory patients and normals on the other, provides
a means of exploring the use of imagery without relying on
introspective reports.

This method,

essentially, provides

information about the effects of the type of imagery used
rather than directly revealing the subject*s appraisal of
his "thinking” processes.

The way in which a person learns

provides information about how he sees and interprets his
more general environment.
In order to evaluate the schizophrenic subjects* pe r
formance a comparison with normal subjects is necessary.

It

is essential to determine if schizophrenic patients general
ly learn in a way different than normals.

Furthermore, the

differences in learning between the hallucinatory and non
hallucinatory patients will then demonstrate the effects of
the experimental variable,

the recent history of auditory

hallucinations.
Since patients with hallucinations may differ from
other patients only when a particular sense modality is
operative in learning, a parallel study of the learning in
another major sense modality is essential.
The sensory modality used in interpolated learning
(5, 6) provides a basic means for determining whether retro
active interference is differentially affected by the type
of imagery used in learning.

It is hypothesized that with

"normal" human subjects when the sense modality used in
interpolated learning is the same as that used in initial
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learning the retroactive interference will be maximal.

It

is further hy po thesized that with hallucinatory subjects
interference will occur through retroactive inhibition even
when a nonrelevant receptor is used peripherally in the
intervening learning.

The hall ucinatory subject

essentially

translates the learning into auditory imagery regardless of
the sensory stimuli.
If an auditory hallucinatory patient

is presented

with nonrelevant sensory stimulation in the intervening
period of a learning-relearning problem and the interference
is greater than with controls,

this would be evidence that

the subject has translated the stimuli into auditory imagery.
Hypotheses to be tested in this study.
1.

In normal subjects relevant interpolated learning
will exert greater retroactive inhibitory effects
than will nonrelevant

2.

interpolated learning.

N on h al l ucinatory schizophrenics will demonstrate the
effects of relevancy of the interpolated learning in
the same direction as normals.

3.

With hallucinatory schizophrenics both relevant
nonrelevant

and

interpolated learning will exert r e t r o 

active inhibitory effects comparable to the effects
of relevant

interpolated learning in normals.

CHAPTER IX
M ET H OD OF PROCEDURE
Subjects
Three groups of twelve subjects each were used:
1, auditory hallucinatory schizophrenics;
ha llucinatory schizophrenic controls;
trols.

group

group II, n o n 

group III, normal c o n 

All subjects were randomly selected from within

their defined populations.
group (HSP)

The hallucinatory schizophrenic

consisted of twelve patients with a primary

diagnosis of Schizophrenic Reaction each of whom had in his
history the report of auditory hallucinations not more than
three months prior to the use of the subject

in this study.

These patients had no history of hallucinations other than
auditory.
The nonhallucinatory schizophrenic group (NSP)

con

sisted of twelve patients from the same hospital as HSP.
These subjects had a primary diagnosis of Schizophrenic R e 
action without hallucinatory symptomatology in any sense
modality.
No patients with toxic psychoses,

feeblemindedness,

or demonstrable organic involvement were used in HSP or
NSP.

Three sources of information were used to determine

the presence of hallucinations;

the case history,

the wa rd
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psychiatrist *s report, and an interview with the individual
patient.

If there was any reasonable doubt as to the

presence of hallucinations,
subject.

the patient was not used as a

Two additional population paraaieters were defined:

the age range was from twenty years through forty, and the
patient had to be sufficiently intact to understand and to
follow the directions.

Patients who were unable to compre

hend the task or to follow the directions were eliminated
as subjects after the first session.
The control group (CN) were selected from a po pu
lation with an age range of twenty through forty years.
"Normal" was defined operationally as nonhospitalized.

E-

leven of the twelve subjects in this group were hospital
employees.
Experimental Procedure
The experimental task for the subject was the learn
ing of twelve pairs, each of which consisted of a three
letter consonant syllable and a number.

Discrete consonant

syllables were used for each of the eight learning tasks,
the four initial learning tasks and the four interpolated
learning tasks.

The syllables were derived from Witmer's

Tables and were equated for difficulty.

A session consisted

of initial learning, interpolated learning and relearning.
The presentation of the learning material was either visual
or auditory, and the interpolated learning was either in
the relevant, or nonrelevant sense modality.

There were thus
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four series as follows:
Initial Learning

Interpolated Learning

Relearning

1.

Auditory

A

Visual

£

Auditory A

2.

Auditory

B

Auditory P

Auditory B

3.

Visual

C

Visual

G

Visual

C

4.

Visual

D

Auditory H

Visual

D

Each subject was assigned to each of the four situ
ations in random order.
Immediately prior to the first session the subject
was given initial general instructions outlining the tasks.
This was followed by instructions specific to each new task
immediately preceding the presentation.

These instructions

included the basic response procedure and the range of the
response numbers.

Each trial consisted of the twelve stimu

lus response pairs.

In each trial

each stimulus word p r e

sented was followed by a three second response time and then
the correct response.
tween trials.

A twelve second interval was used be

The same order of stimuli was maintained in

each of the learning and relearning trials.
A maximum of twenty trials was permitted respectively
on the initial learning, relearning and interpolated learn
ing.

If the criterion of five errorless trials was reached

by the fifteenth to nineteenth trial respectively on the
initial learning and interpolated learning tasks, no further
trials were given for that task.

A criterion of five cor

rect trials was also used on relearning.

If the criterion

was met and the task was completed in less than twenty
trials, the remaining trials were assumed to be errorless.
This was done largely to avoid fatigue, boredom e.nd r e
sistance .
Por the visual presentation a memory drum and re
sponse panel were used.

The stimulus was presented visually

for three seconds during which the subject made the response.
This was followed by a three second visual presentation of
the stimulus syllable and the correct response number.

The

subject responded to the stimulus by pressing a button in
front of the desired response number.

The response numbers

were serially listed in front of the subject.
For the auditory presentation a tape recorder was used
The syllable was spelled orally,

followed by a three second

response time,

and then the correct numerical response was

given orally.

The total time for each stimulus-response pair

was six seconds.

The subject's response was made orally and

consisted of a number.

The subjects were initially told the

range of the correct series of numbers for the task.

These

numbers were not continuously present during the trials, but
the range was repeated in the intertrial interval either upon
request or when the subject's responses suggested confusion
in this area.
The visual and auditory tasks differed in two respects
the response numbers were continuously shown to the subject
during the visual task, while not present during the auditory

task;

a motor response was made to the visual stimulus, and

an oral response to the auditory stimulus.

These differ

ences were made to limit the learning to one of the two ex
perimentally relevant modalities.

Creating comparable

response methods would have necessitated the partial use of
the other relevant modality.

Por example, if the response

were given verbally in the visual task reinforcement would
be partially auditory;

the subject would hear the response.

The learning would be in both of the experimentally discrete
sensory modalities.
The subject's responses were recorded by the experi
menter on mimeographed data sheets.

The raw data consisted

of the total number of errors respectively on the initial
learning and relearning tasks (Appendix A).

An error was

defined as a nonresponse, an incorrect response, or a cor
rect response made during the presentation of the paired
number.

The latter was recorded as a nonresponse.

response were changed during the response time,

If a

the last

response was recorded.
The data for statistical purposes consisted of the
individual's error score on the initial learning and re
learning, and the error decrement score between the initial
learning and relearning.

In the latter data a minus score

indicated a lower error score on the initial learning than
on the relearning (Appendix B).

CHAPTER III
RESULTS
The basic raw data consisted of the number of errors
made by eai_n subject respectively on initial learning and
relearning for each of the four situations (Appendix A).

The

means for these data indicate the overall direction of the
changes between the learning tasks as dependent upon or re 
lated to the relevancy of the interpolated learning (Table
I).

Furthermore,

the differences between groups in the

amount of initial learning are apparent.
By examining Table I f for example, it is seen that
the auditory hallucinatory group (HSP) achieved on original
auditory learning an error score of 142.5.

In the relearn

ing situation this group with relevant interpolated learning
achieved an error score of 137.3, and with nonrelevant in
terpolated learning an error score of 91.3.
A fundamental

interest of the study was the determi

nation of the influence of the relevance of interpolated
learning on retention.

The error deerement score between

initial learning and relearning directly reflects the amount
and direction of these changes.

The primary statistical

analyses were made using this difference score for each indi
vidual within the groups (Appendix B ) .
9

The means of these

TABLE I
MEAN ERROR SCORES MADE IN EACH LEARNING SITUATION
BY THE THREE GROUPS

HSP

Initial
learning

CN

NSP

Visual

Auditory

Visual

Auditory

Visual

134.2

142.5 ~

"117.5

124.8

7871

66.9

Auditory

Relearning
85.1

137.3

63.8

82.2

32.6

29.7

Nonrelevant 85.4

91.3

50.2

58.7

22.4

13.9

Relevant
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scores are presented in Table II and are comparable to the
error scores in Table I.

These difference scores are in

versely related to the degree of interference by the in
terpolated learning.

Thus,

the higher scores reflect

greater retention and therefore less retroactive inhibition.
The differences in initial learning made a direct
comparison between groups difficult because of its direct
effect on the relearning error score (Table I).

Further

more, the considerable variance in initial learning, par
ticularly among the schizophrenic groups, essentially added
to the variance in relearning error scores.

The use of

difference scores eliminated the factor of the degree of
initial learning and essentially made the data comparable
from group to group.

The initial learning error score, how

ever, served as a limiting factor:

with positive retention

the difference score could not exceed the initial learning
error score.
The normals (CN) learned as predicted in hypothesis
I; relevant interpolated learning resulted in greater retro
active inhibition than did nonrelevant interpolated learning
(Tables 1 and 11).

A two way analysis of variance of the

difference scores for relevant and nonrelevant intervening
learning yielded an £. - 11.2, p ^

.005;

1,46 d£.

This

difference was significant for each of the modalities used
in initial learning.

This analysis with only visual tasks

yielded a one tail Jl - 2.6, p ^

.01; 22 djf.

The comparable

TABLE II

MEAN ERROR DECREMENT SCORES FOR GROUPS
UNDER EACH CONDITION

HSP
Visual

NSP
Auditory

Visual

CN
Auditory

Visual

Auditory

Relevant

47.2

11.7

57.0

48.2

36.1

29.2

Nonrelevant

50.7

44.6

64.2

60.6

65.1

61.1
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analysis with auditory tasks yielded a one tail t * 2.2,
p < .02; 22 df.
The nonhallucinatory schizophrenics (NSP) showed a
trend toward greater retroactive inhibition when relevant
intervening learning was used, but a two-way analysis of
variance yielded chance differences (Table I & II).

This

failed to offer significant support to hypothesis II that
nonhallucinatory schizophrenics will show differential
retroactive inhibition as a product of the relevance of the
interpolated learning in the sane direction as normals.

When

the nodalities were analyzed discretely, visual tasks yielded
a one tail t_ a .6, p ^

.30; 22 dfi and auditory tasks yielded

a one tail t. « 1.0, p > .15; 22 d f .

However, these scores,

rather than demonstrating maximal retroactive inhibition
under the two experimental conditions, appear to be the
product of minimal retroactive inhibition under both con
ditions.

An analysis of variance and two tail t test of

the difference scores between NSP and CN when nonrelevant
interpolated learning was used yielded an F = .014, p > . 2 0 ;
t - .12, p ^ . 8 0 ;

1,46 df.

The comparable analysis when

relevant interpolated learning was used yielded a t_ - 2.18,
.05 >

p ^.02;

1,46 d f .

Thus the NSP scores under all con

ditions tended to approximate the minimal retroactive inhi
bition shown by normals when nonrelevant interpolated
learning was used.
HSP was similar to NSP and CN in showing only chance
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differences in initial learning as a product of the modality
used.

However, HSP differed from NSP and CN in that the

differential effect of relevant and nonrelevant interpolated
learning is dependent upon the modality used in initial
learning (Tables I & II).

When initial learning was visual

there was essentially no difference in retention as a product
of the relevancy of the sense modality used in the inter
vening learning;
df.

the analysis yielded a t^ = .24, p ^ .80; 22

A marked trend in the direction of a differential effect

from relevancy was s h o w when auditory learning was used, the
t_ * 1.85,

.10 > p ^ .05; 22 ££.

(If this trend had an e-

quivalent t with a large sample, the p ^ .03).

A two tail t

test using combined visual and auditory learning difference
scores for relevant versus nonrelevant interpolated learning
yielded a t_ * 1.54, .15 > p > .10; 46 flf.
Although the differential effect of the relevance of
interpolated learning is not clearly established, comparison
between HSP and C N , and HSP and NSP offer some explanations
of the causative factors.

Since NSP and CN differed only by

chance in the effect of nonrelevant intervening learning,
HSP was contrasted with the combined groups.
analysis of variance yielded an F = 4.20,
t^* 2.05, p <

.025; 1,70 d f .

This two-way

.05 ^ p > .02;

Tables I and II show that HSP

have greater interference from nonrelevant interpolated
learning than do the other groups.

Furthermore, when rele

vant interpolated learning was used, a comparison of HSP and

CN yielded a t_ ~ .28, p ^

.70; 46 d f ; thus demonstrating e-

quivalent retroactive interference under these conditions.
This conclusion finds additional support in the t test b e 
tween HSP and NSP, when relevant interpolated learning was
used, which yielded a t_ * 2.18,

.05 ?

p >

.02; 46 d f .

Therefore, HSP differs from both CN and NSP in that HSP
tends to have maximal interference from interpolated learn
ing under all conditions.

This offers support

to hypothesis

III that both relevant and nonrelevant interpolated learning
exert retroactive inhibitory effects comparable to the ef
fects of relevant interpolated learning in normals.

CHAPTER IV
CONCLUSIONS AND DISCUSSION
This experiment was an attempt to investigate the
influence of the relevancy of the sense modality used in
interpolated learning on retention.

A further problem was

to determine if hallucinatory schizophrenics and nonhal
lucinatory schizophrenics differ from each other and from
normals in the way in which they learn.
The three groups show marked differences in their
learning.

As would be expected, normals learn with fewer

errors than do the schizophrenic groups.

More importantly

for this study, normals show a differential effect in re
tention as dependent upon the relevancy of the interpolated
learning.

Maximal interference is shown when interpolated

learning is relevant.

Nonhallucinatory schizophrenics, on

the other hand, show minimal retroactive inhibition regard
less of the relevance of the interpolated learning,

although

there is a trend for relevant intervening learning to cause
greater retroactive inhibition.

Hallucinatory schizo

phrenics, in direct contrast to nonhallucinatory schizo
phrenics, show maximal retroactive inhibition with
interpolated learning regardless of the relevance of the
interpolated learning.

This supports the basic hypothesis
16
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that hallucinatory patients essentially translate learning
into imagery in one dominant

sense modality.

The differences in the effect of relevance in HSP
as a product of the modality used in the initial learning
indicates the type of imagery used in learning.

If the

translation of learning into a sense modality is partial
rather than complete,

the discrepancy between what occurred

with visual and with auditory initial learning can be ex
plained.

Thus, if with initial visual learning there is a

partial translation into auditory imagery there will be a
comparable translation in visual
Therefore,

interpolated learning.

interference with retention will be related to

both interference with the visual and auditory imagery. The
interpolated auditory learning under these same conditions
will only interfere with the learning which was translated
into auditory terms.

The greater interference by relevant

intervening learning with initial auditory learning can be
explained in the same manner.

In this case the same imagery

modality is used in both initial and interpolated learning
so that, as was shown with normals,
maximal.

When visual nonrelevant

interference would be

interpolated learning

occurs there is again a partial translation into auditory
imagery which results in relatively significant

interference,

but not as maximal an interference as when the imagery is in
the same modality to a greater degree.

Therefore,

contrary

to the results of experiments using introspection with
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hallucinatory patients, it is concluded that schizophrenics
with auditory hallucinations have predominant auditory
imagery and do translate learning into auditory terms.
This partial translation of stimuli into auditory
terms by auditory hallucinatory schizophrenics may have
marked psychological effects beyond the attributing of conflictual material to the nonself.

Schizophrenics,

accord

ing to some theorists (1, 2), live in a basically amorphous
environment in which their "reality" and egoboundaries are
indefinite and subject to fluctuation.

With hallucinations,

as demonstrated in this study, interference with prior
learning occurs relatively more easily.

Therefore,

in order

to function these patients appear to develop a secondary
symptom of schizophrenia,

hallucinations, as a defense, as a

mode of structuring their ill defined world.

The halluci

nations are perhaps the most stable facet of their environ
ment, and are in the auditory modality.

Thus, the

hallucinations are literally in a place where they can and
do disrupt the imagery accompanying new learning when it is
not in agreement with the hallucinations.

The halluci

nations are more intense affectively than other perceptions,
are a result of strong psychological need, are generally
more frequent, and are older than learning, such as in
psychotherapy, which is in conflict with the hallucinatory
content.

Thus,

the hallucinations tend to supersede new

learning by interfering with its retention.

Reality is

either forced to conform to the hallucinations or is denied.
The nonhallucinatory schizophrenic is faced with es
sentially the same amorphous,
hallucinatory schizophrenics.

ill defined enviroment as the
The results of this study

suggest that their means of maintaining stability is es
sentially diametrically opposed to that of hallucinatory
patients.

The relative lack of interference from inter

polated learning suggests that nonhallucinatory patients
tend to compartmentalize learning so that it is minimally
subject

to change.

The schizophrenic continues prior b e 

havior in relatively unchanged fashion despite the impact
of surrounding reality.
tablished,

Their reality is already es

to change is to be in an amorphous world--as in

severe psychoses.
These results suggest that nonhallucinatory schizo
phrenic patients, who on learning tasks show a significantly
greater inhibitory effect from relevant than from nonrevelant interpolated learning, would be more amenable to
change,

and thus be better

therapeutic candidates.

With

hallucinatory patients those who show interference from
nonrelevant learning which approximates normals would be
better therapeutic prospects in that the hallucinations
could not be as disruptive to new learning.

The translation

into auditory terms would be less.
Support

for the hypothesis that significantly greater

interference from relevant

than from nonrelevant

interpolated

20

learning is an important therapeutic sign is found in
"normals” who approximate this.

"Normals” are more amenable

to change than schizophrenics who have to stabilize their
environment and, therefore, avoid change.
Although the attributing of such importance for the
therapeutic prognosis to the mode of learning is an over
simplification,

it seems to offer sufficient merit in the

difficult world of therapy case selection to warrant further
investigation.
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